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Recent evidence suggests that ‘autapses’ — synapses
made by a neuron with itself — are much more common
in the brain than previously thought, leading to the
possibility that they are more than just curiosities and
may have a real physiological role.
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We are accustomed to the idea that synapses mediate the
flow of information from one neuron to the next, so it may
come as a surprise to learn that a single neuron can also
make synapses with itself. In fact, such ‘autapses’ — to
use the term coined by Van der Loos and Glaser in 1972
[1] — are relatively widespread in the brain and have
been sporadically reported in neuroanatomical studies
dating back at least 100 years [1–4]. Despite their wide
distribution, however, the number of autapses per neuron
has seemed rather low — at most half a dozen [2,3] —
calling into question their functional significance. This
view may now need revision. In the most rigorous anatom-
ical study of autapses reported to date, Tamás, Buhl and
Somogyi [5] show that, on some classes of neurons in the
visual cortex, autapses are an order of magnitude more
numerous than previously thought.
Autaptic interneurons in the cortex
Working with adult cat tissue, Tamás et al. [5] categorized
cells filled with the marker biocytin as either pyramidal
neurons or one of three different kinds of γ-aminobutyric
acid (GABA)-releasing inhibitory interneurons, depending
on the pattern with which they innervated different
regions of their postsynaptic targets (Figure 1). Putative
autapses were defined as sites of close apposition between
the cell’s axon and its own soma or dendrites, observed in
the light microscope. Each putative autapse was then re-
examined in the electron microscope to look for synaptic
specializations. This cross-check was essential; many puta-
tive autapses turned out not to be autapses at all.
Tamás et al. [5] report three remarkable results. First, the
number of autapses made by those cells that had them was
large: the maximum observed was 32, which is much
larger than values previously reported for intact tissue
(four in [1,3], for example). Thus, autapses can be
common. Second, the presence of autapses was cell-type
specific. Two classes of interneuron, basket cells and
dendrite-targeting cells, had large numbers of autapses,
whereas the third class, double bouquet cells, and
pyramidal neurons only rarely had them (mean autapse
counts for these cell types are shown in Figure 1).
Autapses are therefore common only on some cell types.
And third, the somatodendritic distribution of autapses on
the basket cells and dendrite-targeting cells was similar to
that of synapses formed by the parent cell on other
neurons. This means that autapses are selectively tar-
geted, like conventional synapses. What would be the
electrophysiological signature of these autapses, if they
were functional?
Measuring autaptic potentials
In cultured neurons, autaptic potentials are often large and
easily measurable [6,7]. They are seen as inhibitory
Figure 1
Interneurons in the visual cortex of adult cats are sorted into three
classes, depending on their efferent connectivity. An example of each
class is shown at the top (dendrites, red; axons, yellow) and their
connectivity is shown schematically below. Autapses occur with
differing frequency on the different classes of interneurons and only
rarely on pyramidal cells. Autapse counts for each class are shown at
the bottom, given as mean ± s.d.
postsynaptic potentials (IPSPs), which look rather like the
after-hyperpolarization (AHP) that typically follows an
action potential (Figure 2a). Unlike the potassium-depen-
dent intrinsic AHP, however, autaptic IPSPs can be
blocked by inhibitors of transmitter release or of post-
synaptic receptors, such as bicuculline (Figure 2a). In con-
trast to the situation in culture, no experimental evidence
has yet been found for the existence of functional
autapses in intact tissue. This may be because the right
experiments have not yet been done. The new results of
Tamás et al. [5] suggest that a search for autaptic IPSPs
should begin with basket cells or dendrite-targeting cells
in the visual cortex.
What would IPSPs in such cortical cells look like? Assum-
ing that the dozen or so autapses found on a typical basket
cell are functional, and would behave like a similar
number of synapses formed by a basket cell on another
cell [8], the autaptic IPSP would be roughly as shown in
Figure 2b. Note that this IPSP is superimposed on the
large fast intrinsic AHP that typically follows an action
potential in an interneuron, making it difficult to distin-
guish. To disentangle the autaptic IPSP, a subtraction pro-
tocol could be used, subtracting traces before and after
adding bicuculline. A similar strategy has been tried in
order to observe predicted autaptic excitatory postsynaptic
potentials (EPSPs) in pyramidal neurons [3], without
success, possibly because of the much smaller number of
autapses on these cells (averaging 2.3 per neuron, com-
pared with 12 or 22 for interneurons; Figure 1).
Are autapses accidents of development?
If autapses are functional in vivo, what could be their
physiological importance? Before addressing this question.
we need to consider the possibility that autapses are
simply accidents, unavoidable by-products of develop-
ment. Cultured neurons show no reluctance to form
autapses, provided their axons and dendrites are given the
opportunity to intersect [6]. Obviously, such accidental
interactions are more likely to occur in a two-dimensional
environment like a culture dish, perhaps explaining the
greater prevalence of autapses in this system. Is it possible
that autapses in vivo are just as likely to form whenever a
cell’s axons and dendrites randomly meet?
There are two main arguments against this idea. First, some
cell types, such as double bouquet cells, only rarely form
autapses, despite the fact that the axonal and dendritic
fields of these cells overlap extensively (Figure 1). This
suggests that autapse formation is regulated by some kind
of selective targeting, or avoidance, that depends upon cell
type. A weakness of this argument is that it is based upon
static data obtained only in adult tissue. It is possible that,
during a period of autaptogenesis in the young animal, the
double bouquet cells had a different pattern of neurites that
gave less opportunity for random intersection.
A second argument is the similarity of domain targeting by
both synapses and autapses. In the case of basket cells, for
example, both types of connection form preferentially on
somata and proximal dendrites. This suggests that there
may be some kind of active guidance of both synapses and
autapses to their targets. It is possible, however, that a
simple postsynaptic marker for dendrites and somata would
work equally well for synapse formation on other neurons
and autapse formation on the same neuron. The initial
contact could still be random, with the presence of the
marker determining whether or not the contact is stabilized.
In summary, then, it is still too early to say definitively
whether autapses in vivo arise simply by accident. There
also remain many other questions about the possible role
of autapses in neural development. For example, are
autapses, like conventional synapses, subject to activity-
dependent pruning and remodelling? Tamás et al. [5]
found very rare autaptic innervation of pyramidal cells in
adult cortex, whereas another recent study [3] found larger
numbers of autapses in developing neocortex. Presumably
the maintenance of autapses, like that of synapses,
involves some metabolic cost to the cell, and so autapses
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Figure 2
(a) An autaptic IPSP measured in culture,
revealed as the difference between traces
obtained before and after blockade with
bicuculline [7]. (b) The same experiment for a
predicted autaptic IPSP in a basket cell in the
visual cortex. This assumes that the autaptic
IPSP is the same as a synaptic IPSP
generated by 15 synaptic contacts made by a
basket cell on a pyramidal cell (Figure 2 in [8]).
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that serve no functional purpose are likely to be elimi-
nated during development. The fact that significant
numbers of autapses are still present on some cells in adult
animals suggests that they might indeed be important to
normal brain processing.
A functional role for autapses?
As mentioned above, the voltage change produced by an
autaptic IPSP looks like an AHP (Figure 2). In many cells,
the intrinsic AHP modulates the firing of the neuron, for
example by setting the maximum rate at which it will
burst. If an autaptic IPSP were large enough, it could
serve a similar function, effectively acting as a ‘low-pass
filter’ for spike trains [7]. If this function were already
served by the intrinsic AHP, however, what additional
purpose could be served by inhibitory autapses? Answers
to this question are almost entirely speculative, but as a
starting point, consider some general differences between
AHPs and autapses.
Unlike intrinsic AHPs, autaptic IPSPs may increase or
decrease during a spike train, as a result of presynaptic
facilitation, depletion of transmitter release, or postsynap-
tic receptor desensitization. A low-pass filter based on an
autaptic IPSP would thus be a dynamic filter, changing its
cut-off frequency with spike number. Autapses could also
be subject to a different range of neuromodulators from
the intrinsic AHP. Finally, the quantal properties of IPSPs
may be important; stochastic fluctuations in the release
probability or quantal amplitude may randomize the
autoinhibitory effect.
As well as their amplitude, the spatial distribution of
autaptic IPSPs may have a critical bearing on their possi-
ble functions. A small autaptic IPSP may have little effect
if it occurs at the soma, where it might be overwhelmed
by spike initiation in the initial segment of the axon,
whereas a dendritic location may enable autaptic IPSPs to
contribute to local dendritic processing [3]. Two different
ways in which this might work are shown in Figure 3. The
gating hypothesis [1] supposes that inhibitory autaptic
contacts can electrically shunt synaptic potentials arising
at synaptic inputs distal to the autapse (Figure 3a). This
could provide the interneuron with a mechanism for dif-
ferentially modulating the strength of inputs. The effec-
tiveness of the autaptic shunt depends upon its strength
compared to the distal synaptic inputs, and whether the
dendrite is passive or active. Although the latter point has
been extensively addressed for pyramidal cells, little
direct evidence is available for interneurons.
A second kind of autaptic dendritic processing, one that
supposes active spike propagation occurs in the interneu-
ron dendrites, is shown in Figure 3b. Here, a dendritic
branch that receives inhibitory autaptic input will have at
least part of its dendritic spike blocked. Being autaptic,
this blockade will occur in a precise manner, phase-locked
to spike activity in the interneuron. There is already evi-
dence that dendritic inhibition can selectively block den-
dritic calcium spikes in hippocampal pyramidal cells [9].
Given that many forms of synaptic plasticity require
synaptic activity coincident with a rise in intracellular
calcium, the phase-locked block of calcium spiking in a
particular dendritic branch could have major conse-
quences for synaptic plasticity in that dendrite [10].
Finally, it should be noted that feedback inhibition is a
common property of pyramidal neurons in the brain,
presumably because of its stabilizing influence on activity
in neuronal circuits. This might explain the relative
paucity of autaptic EPSPs, which would provide a destabi-
lizing positive feedback. Inhibitory autapses might be the
equivalent for interneurons of feedback inhibition.
In summary, the anatomical evidence for significant
numbers of autapses in intact adult neural tissue is now
Figure 3
Two possible roles for autapses: (a) to gate
distal synaptic inputs; and (b) selectively to
block dendritic calcium spikes. (See text for
details.)
strong. The next task will be to translate some of the spec-
ulation about their function into testable hypotheses.
Autapses may well turn out to be reflexive in more than
just the anatomical sense, and they may be welcomed back
into the family of functionally important circuit elements
underlying the neural architecture of the brain.
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